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KANT, G I FECHOMOUGEY AND I L. MEYERHOEE, ACTH. prolactin, corticosterone and pitaitary «volic AMP
rosponses to repeatcd siress. PHARMACOL BIOCHEM BEHAV 32(2) 337361, 1989, — The preseitt experiment was
conducted to determine whether the plasma hormonal and pituitary cychic AMP responses observed tollowing a single
exposure 1o an acute stressor would diminish ‘ollowing reexposures to the same stressor. Fitteen-min stress exposures
tforced running) were separated by 45-min secovery periods. Separate groups of controt and stressed animals were
sacnticed betore and after each of four 15-min stress pertods and after each recovery period. The tirst exposure to 15 min
of torced running raised plasma ACTH. corticosterone and pituitary cvelic AMP levels approximately 6-fold and more than
tripled levels of plasma prolactin. Plasma ACTH and pituitary cyclic AMP responses to the second. third and fourth stress
eyposures were very similar to the responses to the first stress exposure. and levels of these substances returned to
prestress levels during each 45-min recovery per.od. Plasma prolactin responses to the four stress sessions were somew hat
variable but no significant trend among the responses was seen. Plasma prolactin levels also returned to prestress levels
between stress exposures. Corticosterone levels were similar following each of the four stress sessions but levels remained
clevated compared to prestress levels between stress exposures. These data suggest that pituitary responses Lo acute stress
are rapid. that return to prestress levels is also rapid. with the exception of corticosterone. and that repeated responses of
the same magnitude may be evoked when stressors are separated by short recovery periods.

Corticosterone Prolactin Pituitary cyclic AMP Stress Rat -

ACTH

ACUTE stress activates a multitude of neuronal and hor- (28. 29, 34). The present experiment was conducted to deter-

monal responses (9. 12. 27. 32). The peptide corticotropin
releasing factor (CRF) isolated and characterized bv Vale
and colleagues appears to play a key role in both autonomic
and hormonal responses to acute stress (5. 10, 19, 33). CRF
appears to be the primary regulator of ACTH release from
the anterior pituitary gland. although other secretagogues
including norepinephrine. vasopressin and angiotensin 11
may also affect ACTH release (6. 26. 30). CRF. released into
the pituitary portal circulation. binds to specific CRF recep-
tors located on corticotroph cells of the anterior pituitary.
Binding initiates a sequence of events including stimulation
of adenylate cyclase. synthesis of cyclic AMP, activation of
cyclic AMP-dependent protein kinase and stimulation of re-
lease and synthesis of ACTH (2. 3. 20). Both in vitro and in
vivo studies have suggested that pituitary CRF receptors
may desensitize following either continuous in vitro ex-
posure to CRF or repeated in vivo administration of exogenous
CRF such that less ACTH release is seen in response to CRF

mine whether desensitization to naturally-evoked pulses of
CRF would be observed in vivo. Repeated exposure to an acute
stressor was used to stimulate CRF release. Pituitary cyclic
AMP and plasma ACTH responses were used to gauge the
sensitivity of the CRF receptors. Plasma prolactin, which is not
regulated by CRF, was measured as an independent estimate of
the “'stressfulness’™ of each stress challenge since it was
possible that a behavioral habituation to the stressor would de-
velop. ACTH regulates adrenal corticosterone release and
this stress-responsive hormone was also measured.

METHOD

Animalys

Male Sprague-Dawley rats (275 £25 grams) were purchased
from Zivic-Miller and housed for 2 weeks prior to the exper-
iment in a light and temperature-controlled housing area.
The rats were individually caged with food and water freely

'Research was conducted in compliance with the Animal Welfare Act. and other Federal statutes and regulations relating to animals and

experiments involving animals and adheres to principles stated in the Guide for the Care and Use of Laboratory Animals. N1TH publication
K523 All procedures were reviewed and approved by the WRAIR Animal Use Review Committee.
*The views of the author(s) do not purport to reflect the position of the Department of the Defense (para 4-3. AR 360-5).

89 9 o

Fut

5505§




CYCLIC AMP ({pmolesimg wet weight)

S GRS SO S S U SN S SO S N S T S S S
0 30 60 90 120 150 180 210 240
TIME {min)

F1G. 1. Pituitary cyclic AMP response to repeated stress. A total of
&) rats were used in this experiment including 16 control and 64
cxperimental. Each point represents the mean=SEM of 16 controls
or & stressed rats. Stressed rats were exposed to from 1 to 4
tifteen-min stress sessions = a 45-min recovery period prior to sac-
rifice. “Signiticanty ditferent from control. p-- 0.05.

available. Lights were on from 0600 to 1800 hr daily. The
experiment described was conducted during 4 consecutive
mornings so that all animals could be sacrificed within a 2-hr
period (0950 to 1150) to avoid significant circadian variations
in hormonal and pituitary cyclic AMP responses to stress
(13). Four control animals and two animals from each of the
eight experimental groups were sacrificed each of the four
days. Control (nonstressed) rats were sacrificed within | min
of removal from their home cage to minimize nonspecific
stress. Experimental animals were sacrificed either im-
mediately after a 15-min stress session or 45 min following
the end of a stress session (see below).

Fxperimental Procedures

Control rats were sacrificed by decapitation using a guil-
lotine immediately upon removal from their home cage.
Stressed rats were exposed to from one to four sessions of
“forced running'” (11, 14, 17, 18). Rats were placed in
motor-driven metal mesh wheels (diameter 38 cm: 6 rpm, a
fast walking speed) for fifteen min. Rats were either sac-
rificed immcdiutely fullowing a stress session or piaced back
in their home cage for a 45-min recovery period. Some rats
were sacrificed after each recovery period and others were
placed back into the wheel for another 15-min stress session.
Thus, nine separate treatment groups were compared: con-
trol (no running). and separate groups of rats exposed to I, 2.
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FIG. 2. Plasma ACTH response to repeated stress (see Fig. 1 for
further details). *Significantly different from control, p 0.0,

3 or 4 running sessions with or without a 45-min recovery
period prior to sacrificc. Pituitaries were removed. weighed
and immediately placed into 90°C sodium acetate buffer (pH
6.2. 0.05 M) for 1S min to inactivate pituitary enzymes and
prevent post-mortem changes in levels of ¢yclic AMP (21).
In order to minimize the time required prior to heating the
pituitary tissue, the anterior pituitary was not dissected free
from the remaining tissue. However. we have previously
shown that stress-induced increases in pituitary cyclic AMP
occur in the anterior but not posterior lobe (25). Following
sonication and centrifugation. supernatants were stored at
—40°C until assayed for cyclic AMP. Trunk blood was col-
lected in heparinized beakers: Trasylol (a peptidase in-
hibitor) was added and plasma was stored at —40°C until
assayed for ACTH. prolactin and corticosterone.

Assavy

Materials for the prolactin assay were provided by the Na-
tional Institute of Health through the Rat Pituitary Hormone
Distribution Program. Prolactin was radioiodinated as previ-
ously described (22). Within assay variation was <8% and
between assay variation <<12% . Corticosterone was meas-
ured by radioimmunoassay using an antibody produced in
our laboratory against corticosterone-21-hemisuccinate:BSA.
Somogyi reagents were used to separate free from bound
ligand (24). Corticosterone [1,2-*H(N), specific activity 50
Ci/mmol. New England Nuclear] was the labelled ligand.
Assay sensitivity was 0.6 ugf7. The intraassay and interas-
say coefficients of variation were 60¢ and 127 respectively.
ACTH was measured using a radioimmunoassay kit (Im-
muno Nuclear Corp). The assay was performed in 12x7S
polypropylene tubes using an overnight incubation at 4°C.
Assay sensitivity was approximately 10 pg/ml. The intra-
assay coefficient of variation was 2.5 at 380 pg/ml and the
interassay coefficient of variation was 5% . Cyclic AMP
was measured by radioimmunoassay using antibodies char-
acterized in our laboratory (22).
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FIG. 3. Plasma prolactin response to repeated stress tsee Fig. 1 for
turther detawlsr. Signiticantly ditterent trom control. p- . 0.05.

Statistics

Data were analy zed by one-way analysis of variance. Fol-
lowing the finding of a significant F score. follow-up com-
parisons were made for each group vs. control. Differences
were considered to be significant at p<0.08,

RESULTS

As shown in Fig. 1. acute stress markedly increased
levels of pituitary cyclic AMP. Forty-five min following the
first 15-min stress exposure. levels of pituitary cvclic AMP
had returned to prestress levels. Pituitary cyclic ANT -
sponses to the second. third and fourth stress sessior sc¢re
similar to the first response and levels returned to bas:
between each stress session

ACTH responses to stress mirrored the pituitary cyclic
AMP responses as shown in Fig. 2. Again, no diminished
ACTH response was seen following repeated stress expo-
sures and levels of ACTH returned to prestress levels during
each 45-min recovery period.

Plasma prolactin responses were somewhat variable (Fig.
3). More importantly. since prolactin response was used in
this experiment to detect possible behavioral adaptation to the
stress stimulus, no pattern of decreasing response was seen
with increasing numbers of stress exposures. Prolactin levels
also returned to prestress baselines during each recovery
period.

Plasma corticosterone levels increased greatly following
the first stress exposure and then failed to return to baseline
during the first recovery period (Fig. 4). Levels of corticoste-
rone immediately following exposures to subsequent stress
sessions were similar to the first response, but levels of cor-
tico..terone after cach 45-min recovery period decreased for
each of the first three exposures.
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FIG. 4. Plasma corticosterone response 1o repeated stress (see Fig. |
for further details). *Significantly different from control. p=0.05.

DISCUSSION

The results of this experiment confirm other studies frem
our laboratory (13. 15. 16, 23) which have shown that
stress-evoked release of ACTH is closely linked to observa-
ble increases in levels of pituitary cyclic AMP. Both these
responses are thought to be mediated via stress-induced re-
lease of CRF and its subsequent action at the pituitary cor-
ticotroph.

Regulation of the release and synthesis of ACTH from the
anterior pituitary corticotroph has been shown tu ve a coii-
plex process. Not only do numerous secretagogues influcnce
ACTH secretion under normal physiological status. but the
relative importance of these compounds may change follow-
ing disruptions of homeostasis. e.g.. adrenalectomy (7). In
addition. corticosterone. regulated by ACTH. feeds back
upon both the brain and pituitary gland to affect the release
and synthesis of ACTH (1, 4. 8).

Data from other laboratories have shown that continuous
in vitro exposure to CRF or repeated administration of exog-
enous CRF or continuous exposure to stress in vivo results
in decreased responsiveness of pituitary corticotroph recep-
tors to CRF as measured by ACTH relense (28. 29, 31, 34).
In the present experiment we examined two indices of CRF
receptor-stimulated function, pituitary cyclic AMP accumu-
lation and ACTH release. We measured the response-
recovery-response capabilities of this system and found that
repeated full responses are seen when a recovery period is
allowed between presentations of stressors. Desensitization
of CRF receptors to acute stressors in vivo appears to be
a short-lived phenomenon. Thus, the organism can respond
fully to new stress challenges.

The more rapid rate of recovery of corticosterone levels
toward bascline values foliowing more exposures to the
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stressor as compared to the elevated corticosterone levels at
the end of the first recovery period could be interpreted as
retlecting a shorter duration of ACTH release with repeated
stressor presentation and thus a sign of desensitization.
However, we teel that the clevated corticosterone seen at
this point i~ more likely to be assoctuted with mild stress
tc.g.. noise. movement) continuing during the recovery
period which was habituated to as the expeniment progressed
through subsequent stress and recovery sessions. A longer
duration of ACTH release would also have resulted in a
farger amphtude of plasma ACTH at the IS min measure-
ment. Since corticosterone levels could also be atfected by
stress-induced changes i adrenal sensitivity to ACTH or
chunges in corticosterone clearance rutes, we beheve that
the most direct indices of corticotrope response measured in
this experiment are the plasma ACTH and puiaitary ey chic

KANT. MOUGEY AND MEYERHOF¥

AMP levels. These measurements do not show any desen-
sitization to repeated stressor presentation.

Since corticosterone levels remained elevated during the
first recovery period without attenuating the ACTH re-
sponse 1o the sceond stressor. the inhibitory role of glu-
cocortcotds on ACTH release in this pattern of stressor
presentation appeared to be neghgible. Further studies of the
regulation of this system under conditions of acute. repeated
and chronic stress are underway in our laboratory.

ACKNOWLFEDGEMENTS

['he authors appreciate the expert technical support provided by
Clint Wormley . Willic Gamble, Golden Driver, Clyde Kenior, SGT
Gerri Fields, Terence Fggleston and Angeli Brown and the secretur-
1l support of Brenda Messer and Karen Daniels.

REFERENCES

i Abou-Samrec A Catte KO3 Agaderas G Biphasic inhibition of
adrenocorticotiopim release by corticosterone  in cultured
antenor pruitary cellss Endocrinology 119:972-977: 19%6.

2 Avwdera. G Harwood, 10 P Wilson, 10X Maorell, 1o Brown,
JooH. Catts Ko T Mechanisms of wetion of corticotropin-
relcastag tactor and other regulators ot corticotropim release m
rat pituitary -cells, 1o Biol Chem. 235 X039 S0450 19R3

SAntont. FooAL Hypothalamie contra] of adrenocorticotropim
secretion— Advanges ~simce the discovery ot 41residue cortico-
tropin-refeasing tactor Fadoor Rev 7 35137X0 J9X6,

4. Bileszthpan, T Mo Vade, W W Glacovorticards ihrbit
corticotropin-releasing tactor-imduced production ot adenosine-
3 3 moenophosphate o ondtured anternor-pituitary cells. Endo-
crinology TT3:637-6620 [9K3,

CBrown. MR Fisher. Lo AL Spiess. Joo Rivier, o Rivier. Ju:
Vale, W. Corucotropim-releasing factor —Actions on the sympa-
theiic nervous-system and  metabolism. Endocrinology
1T1:928-93]: 1982,

6. Childs. G. V.. Burke. J. A. Use of the reverse hemolytic plague
dassay to study the regulation of anterior lobe adrenocorticotro-
pin {ACTH) secretion by ACTH-releastng factor, arginine vas-
opressin. angiotensin 11, and glucocorticoids. Endocrinology
120:439-444: 1987,

T Dallman. M. Foo Makara, G. B.: Roberts, J. L. Levin, N.:
Blum. M. Corticotrope response to removal of releasing factors
and corticosteroids in vivo., Endocrinology 117:2190-2197:
1985,

% Dallman. M. F.: Jones. M. T.. Vernikos-Danellis. J.: Ganong,
W. F. Corticosteroid feedback control of ACTH secretion:
Rapid effects of hilaterat adrenalectomy on plasma ACTH in the
rat. Endocrinotogy 91:961-968: 1972,

9. Du Ruisseau. P.: Tache. Y.: Brazeau. P2 Collu. R, Pattern of

adenohy pophy seal hormone changes induced by various stress-

ors in female and male rats. Neuroendocrinology 27:257-271:

1978.

Fisher. I.. A.. Rivier. J.. Rivier. C.: Spiess. J.o Vale, W,

Corticotropin-releasing factor {CRF)}—Central effects on mean

arterial-pressure and heart-rate 1in rats. Endocrinology 110:

2222-2224: 1982,

1t Kant. G. J.: Bunncll. B. N.: Mougey. E. H.: Pennington. L. L.:
Meverhoff. . L. Effects of repeated stress on pituitary cyclic
AMP and plasma prolactin. corticosterone and growth hormone
in male rats. Pharmacol. Biochem. Behav. 18:967-971: 1983,

12. Kant. G. J.: Mougey. E. H.: Pennington. L. L.: Meyerhotf, J.

I.. Graded footshock stress elevates pituitary cyclic AMP and
plasma beta-endorphin. beta-1.PH. corticosterone and prolactin,
Life Sci. 33:2657-2663: 1983,

9]

A

10.

13, Kant. G 3o Mougey, B2 Hoo Meverhott, oL Diurnal variation
in neuroendocrine response to stress in rats: Plasma ACTH.
B-endorphin. B-LPH. corticosterone. prolactin and  pituitary
cvelic AMP responses. Neuroendocrinotogy 43:383-390: [986.

14, Kant. G. J.: Meyerhott. J. L.: Bunnell, B. N.: Lenox. R, H.
Cyelic AMP and cyclic GMP response to stress in brain and
priuitary : Stress elevates pituitary cyclic AMP. Pharmacol.
Biochem. Behav, 17:1067-1072: 1982,

15, Kant. G. J.: Oleshansky, M. A Walezak. D. D2 Mougey. E.
H.: Mcverhoff, J. L. Comparison of the effects of CRF and
stress on levels of pitaitary ¢yelic AMP and plaisma ACTH in
vivo. Psyehiatry Res. 16(Suppl. 4):64: [986.

16, Kant, G. J.: Oleshansky. M. At Walczak. D. D.: Mougey. E.
H.: Meverhoff, J. L. Compurison of the effects of CRF and
stress on levels of pituitary cyclic AMP and plasma ACTH in
vivo. Peptides 7:1153-1158: 1986.

17. Kant. G. J.: Lenox. R. H.: Bunnell. B. N.: Mougey. E. H.:
Pennington. L. L.: Meyerhoft, J. L. Comparison of stress re-
sponse in male and female rats: Pituitary cyelic AMP and
plasma  prolactin,  growth hormone and croticosterone.
Psychoneuroendocrinology 8:421-428: 1983.

I8. Kant. G. J.: Eggleston. T.: Landman-Roberts. L.: Kenion, C.
C.: Driver. G. C.: Meverhoff. J. L. Habituation to repeated
stress is  stressor specific. Pharmacol. Biochem.  Behav,
22:631-634; 1985.

19. Knepel. W.: Homolka. L.: Viaslovsk. M.: Nutto. D. Stimula-
tion of adrenocorticotropin beta-endarphin release by synthetic
ovine corticotropin-releasing factor in vitro—Enhancement by
various vasopressin analogs. Neuroendocrinology 38:344-350:
1984.

20. Labrie. F.: Veilleux, R.: Lefevre. G.: Coy. D. H.: Suciras-Diaz.
J.: Schally. A. V. Corticotropin-reicasing factor stimulates ac-
cumulation of adenosine 3.5 -monophosphate tn rat pituitary
corticotrophs. Science 216:1007-1008; 1982,

21. Lenox. R. H.: Kant. G. J.: Meverhoft, . L. In: Lajtha, AL ed.
Handbook of neurochemistry. vol. 2. New York: Plenum Press:
1982:77-102.

22. Lenox. R. H.; Kant. G. J.: Sessions. G. R.: Pennington. L. L.:
Mougey. E. H.: Meyerhoft. J. L.. Specific hormonal and neuro-
chemical responses to different stressors. Neuroendocrinology
30:300-308: 1980.

23. Meyerhoff. J. L.: Mougey. E. H.: Kant. G. J. Paraventricular
lesions abolish the stress-induced rise in pituitary cyclic
adenosine monophosphate and attenuate the increases in
plasma levels of proopiomelancortin-derived peptides and
prolactin. Neuroendocrinology 46:222-230: 1987,




HORMONAL RESPONSES TO REPEATED STRESS

24 Mouwey. FooHD A mdioimnmrmoassiay lor tetrahydrocortisol.
Anal. Biochem. 91:366-382: [978.

25 Mougey. B Ho Meverhoft. Jo L Pennington, L. L.: Gamble.
W. L. Driver. G, C.: Kant. G. ). Stress-induced increases in
pitutars cvelic AME Goecur in the anterior but not the postertor
lobe. Soc. Neurasci. Abstr. 12:1059: 1986,

26, Murakami, K. Hashimoto, K.; Ota. Z. Interaction of synthetic
ovine corticotropin releasing-tuctor and arginine vasopressin on
in vitro ACTH release by the anterior pituitary of rats. Neuro-
endocrinology 39:49-53; 1984,

270 Natebon, B Ho Tapp. W NG Adamus, J0 B Mittler, J. C
Levin, Bo B Humoral indices of stress in rats. Physiol. Behav.
2610491054 1981,

X Reisine. T Hoffman. AL Desensitization of corticotropin-
releasing tuctor recentors. Biochem  Biophys. Res. Commun.
[11:919-925: [9K3,

240 Rivier. Coo Valeo WL Influence of the frequency of ovine
corticotropm-releasing-tactor administration on adrenocortico-
tropin and corticosterone secretion in rat. Endocrinology
PURI422-14260 1983,

S61

30. Rivier. C.; Vale. W. Modulation of stress-induced ACTH re-

(%)

"

1.

Accesiun For

lease by corticotropin-reicasing factor. catecholamines and vas-
opressin. Nature 305:325-327: 1983,

Rivier. C.: Vale. W. Diminished responsiveness of the
hypothalamic-pituitary-adrenal axis of the rat during exposure
to prolonged stress: & pituitary -mediated mechanism. Endocri-
nology 121:1320-1328; 1987,

Sepgic. J. A.: Brown, G. M. Stress response patterns of plasma
corticosterone. prolactin, and growth-hormone in rat, following
handling or exposure to novel environment. Can. J. Physiol.
Pharmacol. §3:629-637. 1975S.

. Vale. W.: Spiess. J.: Rivier, C.; Rivier. J. Characterization of a

41-residue ovine hypothalamic peptide that stimulates secretion
of corticotropin and beta-endorphin. Science 213:1394-1397:
1981.

. Vale. W.: Vaughan. J.: Smith. M.: Yamanicto. G.: Rivier. J.:

Rivier. C. Effects of synthetic ovine corticotropin-icl»u-ing fac-
1ot glucocorticoids, catecholamines. neurohypophyseal pep-
tides. and other substances on cultured corticatropic cells. En-
docrinology 113 1121-1131: 1983,

NTIS CRA&I
DTIC TAB
UnannoiinCed
Justification

By __
Distribution |

Availability Codes

: " Avai and | or
Dist Special

!
i lao

-

e et




